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Background and Objective Possible NO |, Reduction Mechanisms
« Pilot scale pulverized coal oxy-fuel tests Objective: « Near-elimination of thermal- and prompt-NO, « Increased residence time in fuel-rich regions
show an unexpected reduction in NOy Gain understanding of oxy-fuel NOy reduction « More attached flame « Equilibrium considerations
Zmllssmns h (Okazaki and Ando, 1967) mechanisms through: « Elevated NO concentrations + Reduced NO formation from char
¢ Early researci azaki and Ando, « Measurements of nitrogen species and . : : : . :
suggests that reduction of recycled NO is otfiericambustion pradusts in Al and.Oxy- Reduction of r'ecycled NO, in fuel-rich zones Enhanced 'heterogeneous re'b'urnllng '
the dominant mechanism but... fuel conditions « Temperature increases + Increased importance of gasification reactions
+ ...the mechanisms behind this reduction « Flat flame burner coal devolatilization
are not yet understood (Sarofim, 2007). experiments in N, and CO, based gases
« Detailed kinetic modeling of the
experiments
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Configured for oxidizer-staged oxy-fuel combustion
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— NO, Data Analysis

Vamessianllh| mmm  w— NOy concentrations can be higher in oxy-fuel than airc ~ ombustion because the

| *— * - recycled flue gas has a lower volume flow rate than the N, from air that it

el ﬂl';" = k—] replaces. To make a fair comparison of nitrogen evo lution the effect of the
P y Vit dilution is removed by calculating nitrogen convers ion efficiency:
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Air-cooled Gas Sample Probe
Sampled gases are rapidly quenched and
pumped at 150-180 °C to an FTIR gas Frasauze gaugs
analyzer for measurement of CO, CO ,, H,0O,
NO, N,0, NO,, NH;, HCN, SO,, CH,, C,H, Gas analysis system

Assumption: AllNO , is fuel NO y

The sample is then cooled, dried, and MW,
analyzed for O , (zirconium oxide sensor) m (1— \"a )X N
and NO, (chemiluminescence) prod, wet moist, prod, wet NO,dry MW
: prod,dry
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Results

Model and Data Comparisons

The kinetic model under-predicts

rates of NO destruction but does

correctly predict:

Similar and rapid initial NO

formation from volatiles

« Slower thermal NO  production in
the air case

* Shape of both air and oxy-fuel
NO profiles
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It was noticed that the difference in effluent
correlated qualitatively with the difference betwee

N between air and oxy-fuel
n CO in the fuel-rich region.

Role and Source of CO in Oxy-fuel

Pathway diagrams generated from
the kinetic model indicate that CO
and NO are important reactants
on the dominant NO reduction
pathway.
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Conclusions

From experiments at identical stoichiometry:

* Oxy-fuel combustion can produce lower NO  ,  «
emissions than air combustion independent
of the reduction of recycled NO

* Oxy-fuel combustion can produce higher CO
concentrations than air in fuel-rich regions

* When the recycle stream contains NO
« Initial formation of NO , from the fuel is

reduced

* NOy destruction rates increase
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From Modeling:

The source of high CO concentrations
in oxy-fuel combustion is primarily
thermal dissociation of CO , at high
temperature (above about 1500 K)
Gasification of the char by CO , in oxy-
fuel combustion is a secondary cause

of high CO levels in fuel rich regions of
oxy-fuel combustion

In the absence of thermal NO ,, air and
oxy-fuel flames should have similar
levels of initial NO formation from
nitrogen in the volatiles
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Effluent y When varying the depth of oxidizer-
0.6 staging both air and oxy-fuel
- cases show a minimum in NO
04 o Alr emissions.
-=-025
0.2 = 030]| . The minima occur at about the
same level of effluent NO  (in the
0.0 T

T T T 1 absence of NO  recycling).
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The stoichiometry to obtain the

minimum is quite different

between air and oxy-fuel: Air
requires deeper staging with

corresponding lower levels of
burnout expected.

When both minimum n, cases are
examined in detail the nyand CO
profiles are very similar. The air case
does not exhibit thermal NO
formation.
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